Introduction
Among the existing theories of aging, the telomere theory takes the leading place (Anisimov, 2003) .
To date, many studies have been done that describe the relationship between the processes of normal and accelerated aging with telomere length (Bernadotte, Mikhelson, & Spivak, 2016) .
Telomeres light and telomerase activity
Short telomeres are a risk factor for many age-related diseases, including cancer (Wentzensen, Mirabello, Pfeiffer, & Savage, 2011) , cardiovascular disease (D'Mello, Ross, Briel, Anand, Gerstein, & Pare, 2015) , and diabetes (Zhao, Miao, Wang, Ding, & Wang, 2013) . Recently, quite a few studies appeared that reveal accelerated telomere shortening as a response to long-term psychological stress (Epel, Blackburn, Lin, Dhabhar, Adler, Morrow, & Cawthon, 2004) , as well as by various psychiatric disorders (Wolkowitz et al., 2011) . In this case, the body is exposed to increased oxidative and inflammatory stress (Mikhelson & Gamaley, 2010) , to malfunctions of mitochondria, and also sharply reduced the activity of the telomerase enzyme, which is able to lengthen telomeres Kovalenko, Zhdanov, & Kovalenko, 2013) . One might suppose that long-term stress could result not only in the telomere shortening (Epel et al., 2004) , but, on the contrary, in the appearance of a compensatory reaction, related to increase in telomerase activity (Tolahunase, Sagar, & Dada, 2017; Beery et al., 2015; Lengacher et al., 2014; Zalli et al., 2014) . Increase in telomerase activity is currently not treated as unambiguously as before. According to earlier views, decrease in telomerase activity in peripheral blood lymphocytes accompanies cellular aging and, consequently, the aging of the whole organism. This is also the case of action of psychological stress or, of various diseases (Bernadotte, Mikhelson, & Spivak, 2016; Spivak, Khesina, & Spivak, 2015) . Meditation has been proved to be able to alter this regularity (Lavretsky et al., 2013; Schutte & Malouff, 2014) ; the same is the case of lifestyle management (Daubenmier et al. 2012.) , psychological stress reduction (Epel, Lin, Dhabhar, Wolkowitz, Puterman, Karan, & Blackburn, 2010) , decrease in low-density lipoproteins (Ornish et al., 2008.) . At the same time, the combination of short telomeres and high telomerase activity has been shown to be associated with various risk factors, including chronic psychological stress (Zalli, Carvalho, Lin, Hamer, Erusalimsky, Blackburn, & Steptoe, 2014) . Kim et al. (2017) found that patients with the most severe form of post-traumatic stress disorder in response to the action of antidepressants demonstrate telomere lengthening. Basing on these results, a new concept of stress response was recently formulated: it can either bring about decrease in telomerase activity, leading to shortening of telomeres -or, an increase in telomerase activity, allowing it to maintain telomere length or even to increase it (Beery, Lin, Biddle, Francis, Blackburn, & Epel, 2012; Deng, Cheung, Tsao, Wang, & Tiwari, 2016) .
Serotonin receptor 2A gene polymorphism
Adaptation to stress in the human body is carried out by the hypothalamic-pituitary-adrenal system (GGNS). One of the mediators of this is serotonin. Serotonin enters the synaptic cleft, part of it binds to a number of receptors of the serotonergic system, including the serotonin receptor type 2A to trigger the signaling cascade. One of the most significant and studied polymorphisms of the 5-HTR2A gene is single nucleotide substitution of thymine for cytosine in 102 position (102T> C). The results of the research show http: //dx.doi.org/10.15405/epsbs.2018.12.02.56 Corresponding Author: Spivak I. Selection and peer-review under responsibility of the Organizing Committee of the conference eISSN: 517 that this polymorphism is associated with various mental illnesses and behavioral reactions. (Golimbet, Alfimov, Mityushin, & Asanov, 2003; Schosser & Kasper, 2009 Many results suggest that C102T (rs6313) polymorphism of 5-HTR2A gene, but not A1438G (rs6311) and C1354T (rs6314) polymorphisms, may be involved in the susceptibility to suicide, larger possibility of stressful life and loss events (Ghasemi, Seifi, Baybordi, Danaei, & Samadi, 2018) . Another study, performed by Höfer et al. (2016) showed no association present between 5-HTR1A or 5-HTR2A gene polymorphisms and both current suicide risk and personal history of suicide attempts. In addition, epistatic effects of 5-HTR1A and 5-HTR2A genes upon suicidal behavior were not significant, although sample size limitations do not allow definitive conclusions. The interaction of reported childhood adversity and a polymorphism in the 2A serotonin receptor was associated with higher depressive symptoms; detailed analysis showed that gene-environment interaction was mediated by cultural consonance in family life, and that these effects were more pronounced in lower social class neighborhoods (Dressler, Balieiro, Ferreira de Arajo, Silva Jr, & Ernesto Dos Santos, 2016a) . However, in another experiment gene-environment interaction of this kind was not replicated (Dressler, Balieiro, Ferreira de Arajo, Silva Jr, & Ernesto Dos Santos, 2016b) .
Findings of Matsunaga et al. (2017) suggest that 5-HTR2A polymorphisms are associated with the effect of sharing happiness by modulating the activity of the mentalizing/theory-of-mind network.
Individuals with A2A2 genotype were also shown to be able and willing to spontaneously adopt the point of view of others, more likely to be anxious when observing pain endured by others, and more likely to have communication problems. Moreover, the genotype effect on communication problems was mediated by individual ability of 'perspective taking' (Gong, Liu, Blue, Li, & Zhou, 2015) . These findings provided evidence that the HTR2A T102C polymorphism served as a predictor of individual differences in empathic and autistic-like traits, which highlighted the role of this gene in the connection between 'perspective taking'and autistic-like traits. Chang, Fang, Chang, Chang, Shyu, & Huang (2017) showed that individuals with homozygous A2A2 exhibit diminished resting vagal tone-an index of stress vulnerability-when experiencing chronically elevated levels of perceived stress. Acute and long-term use of psychedelics is associated with personality changes that appear to be modulated by 5-HT2A receptors (Bouso, Dos Santos, Alcázar-Córcoles, & Hallak, 2018) .
Studies of genetic polymorphism of genes of the serotonin system are supplemented with the epigenetic ones. Epigenetic alterations in the serotonin system may underlie the effect of early life stress on psychopathology. The serotonin system is sensitive to stress exposure and psychopathology, and HTR2A methylation may serve as a mechanism by which early adversity is biologically encoded (Parade et al., 2017) .
Problem Statement
Comparison of data on the effect of stress on the length of telomeres and the role of polymorphism in the genes of the serotonin system in mediating this effect led us to search of a direct link between the genetic background and the telomere response to stress. In Han Chinese, shorter leukocyte telomere length is significantly associated with the 5-HTTLPR S/S allelic variant, which may be implicated into http: //dx.doi.org/10.15405/epsbs.2018.12.02.56 Corresponding Author: Spivak I. Selection and peer-review under responsibility of the Organizing Committee of the conference eISSN: 518 psychological stress-related health problems (Li et al., 2014) . But aforementioned psychological factors were not taken into account. Mitchell et al. (2014) reported occurrence of significant associations between low income, low maternal education, unstable family structure, harsh parenting -and telomere length. These effects were moderated by genetic variants in serotonergic and dopaminergic pathways. Consistent with the differential susceptibility hypothesis, subjects with the highest genetic sensitivity scores had the shortest telomere length, when exposed to disadvantaged social environments and the longest telomere length, when exposed to 'advantaged environments'. However, the 5HTR2A polymorphism was not included into this study. Father loss is definitely linked to his children's salivary telomere length, the way losing one's father being highly important. At the same time, there was no reliable correlation between the degree of telomere shortening and the polymorphism of serotonin system genes (Mitchell, McLanahan, Schneper, Garfinkel, Brooks-Gunn, & Notterman, 2017) .
Research Questions
Destruction of chemical weapon is a highly stressful and harmful activity. The question of how workers cope with this long-term stress, whether it affects the length of telomeres, and whether the body has got some kind of basic defense against such stress requires an urgent answer. Is it possible to determine a greater or smallerdegree of professional competence forpeople intending to work in such difficult conditions? Works linking difficult working conditions with the polymorphism of the 5-НТR2A gene were conducted in China. Wu, Wang, Zhou, Gu, & Yu (2016) found that the risk of depression by people working at a thermal power plant with high-level daily hassles and / or with more negative emotions, who carried A1A2 genotype or, A2A2 genotype of T102C, was 5 to 8 times higher than that in those with lowlevel daily hassles and / or with less negative emotions, who carried A1A1 genotype. Oilfield workers with A2A2 and A1A2 genotypes had significantly higher role boundary scores than those with A1A1 genotype, and workers with A2A2 genotype had a significantly higher vocational stress score than those with A1A2 genotype (Jiang, Palizhati, Gao, Guan, & Liu, 2016) . Unfortunately, in these studies there was no such marker of general health as telomere length.
Purpose of the Study
Purpose of this study consists in analysis of a marker of general health status (telomere length), in its connection with polymorphism of serotonin 2A receptor gene (5-HTR2A), in workers exposed to severe psychological stress, regarded basing upon the model of taking part in destruction of chemical weapons. A more general perspective consists in ranging professionals intending to work in conditions of long-term stress, basing on data of genetic screening.
Research Methods

Main and control groups
To answer the aforementioned basic question, a study was conducted in which two independent groups participated. The main group, consisting of 87 people, included workers in chemical production from 25 to 44 years (mean age ± SD = 33.6 ± 3.81 years), involved into destruction of chemical weapon.
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Control group, consisting of 63 people, included volunteers aged 18 to 39 years (mean age ± SD = 25.5 ± 4.10 years). All respondents were mentally healthy and participated voluntarily in the study.
DNA extraction
Lymphocyte fraction of peripheral blood was used in the research. DNA isolation was performed with the help of the Syntholcompany (Russia), according to the attached isolation protocol.
Purity and amount of the isolated genomic DNA were evaluated spectrophotometrically, using a Nanodrop-1000 instrument (Thermo Scientific, USA).
Measurement of telomere length
Measurement of telomere length in the lymphocyte fraction of peripheral blood was carried out by quantitative real-time PCR method according to the original protocol, taken from literature (Eastwood, Mulder, Verhulst, & Peters, 2017) . Mean length of telomeres in the sample (in kbp) was calculated according to the standard procedure (Lapham et al., 2015) , using dilutions of a calibrator-84-member synthetic oligonucleotide, consisting of telomericrepeats TTAGGG. Large amount of information has been accumulated by now on the significant spread of data of telomere length by the RT-PCR method (O'Callaghan, Dhillon, Thomas, Fenech, 2008; Cawthon, 2002) , while individual differences tend to be very large (Smirnova, Runov, Vonsky, Spivak, Zakharchuk, Mikhelson, & Spivak, 2012) .
Statistical processing of results
To determine the reliability of the differences between the study and the control sample, the standard Pearson χ2 criterion was used. To analyze the effect of HTR2A gene polymorphism on telomere length, a correlation coefficient was calculated. To illustrate the results obtained, linear regression models were constructed.
Findings
Distribution of 5HTR2A genotypes
To determine the reliability of the differences between the study and the control sample, the standard /dx.doi.org/10.15405/epsbs.2018.12.02.56 Corresponding Author: Spivak I. Selection and peer-review under 
Telomeres length
The length of telomeres in the peripheral blood lymphocytes of the main and control groups are highly variable and do not correlate with age (see figure 2 and table 2). We also compared average telomere lengths in carriers of different genotypes in the main group, and found that the longest telomeres are present in carriers of the A1A2 and A2A2 genotypes, while carriers of the A1A1 genotype tend to have shorter telomeres (Figure 03 ). When constructing linear regression models for different genotypes, which took into account not only genotype and sex, but also age and genotype interaction with age for the main and control samples, we found that the genotype A1A1 is definitely linked to telomere lengths and age. Thus carriers of the A1A1 genotype have shorter telomeres with age ( Figure 04) .
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522 Figure 04 . Dependence of telomere lengths on age in carriers of genotype A1A1 on 5-HTR2A gene in the main and control groups.
In a joint examination of telomere lengths, age, and polymorphismsA1A2 and A2A2, no reliable link was found. This means that by carriers of these genotypes, telomere length decreases with age significantly less than by A1A1 carriers (Figures 05 and 06 ). http: //dx.doi.org/10.15405/epsbs.2018.12.02.56 Corresponding Author: Spivak I. Selection and peer-review under 
Conclusion
The data obtained by us confirm the fact that the serotonin system takes active part in dealing with long-term stress -in particular, the serotonin 2A receptor (5-HTR2A). In this case, carriers of the allele A2
have got protective mechanisms that help maintain the length of telomeres or even increase it, to avoid accelerated aging, as a result of prolonged stress. Probably, in this situation, the activity of telomerase increases, contributing to the maintenance of telomere length. A similar reaction was earlier observed in the study comparing influence of traditional and of non-traditional music. Music which was not traditional for the Ss, tended to be perceived as stressful, in some cases resulting in a shortening of telomeres. However, in some volunteers this shortening was prevented by an increase in telomerase activity (Spivak, Urazova, Zakharchuk, & Spivak, 2018) . Unfortunately, due to the relatively small size of the groups, we could not establish reliable connection with the polymorphism of the genes of the serotonin system. Correlation with an increase in telomerase activity was also observed in carriers of the ApoE allele associated with the predisposition to Alzheimer's disease. This supposition is corroborated by structurally similar data, acquired in studies of relatives of patients suffering from Alzheimer's disease (Damjanovic et al., 2007) , and of carriers of the allele of predisposition to this disease (APOE ε4, cf. Wikgren et al., 2012) , as well as to depression (Wolkowitz et al., 2012) . Also, Jacobs, Kroenke, Lin, Epel, Kenna, Blackburn, & Rasgon (2013) showed that replacement hormone therapy in female carriers of the genotype ApoE4 leads to reliable telomere elongation. This genotype can also affect the level of 5-HT2A serotonin receptor. Low level of telomerase activity is associated with chronic stress in Alzheimer patients, however response to acute stress is similar by them and by members of the control group (Epel, Lin, Dhabhar, Wolkowitz, Puterman, Karan, & Blackburn, 2010) . Chhibber & Zhao (2017) , using a mice model, showed that ApoE influenced the expression of brain-derived neurotrophic factor (BDNF) and the 5-HTR2A serotonin receptor in an isoform-dependent manner, with the ApoE4 brain exhibiting the lowest level of BDNF, and the highest level of 5-HTR2A. In addition, both presynaptic and postsynaptic proteins were downregulated, indicating a synaptic deficit in ApoE4 brains.
Many studies describe the association of the A2 allele with unfavorable psychological characteristics, such as increased anxiety, alcoholism, suicidal tendencies, possible risk of developing schizophrenia.
It is possible that longer telomeres, and absence of telomere length dependence on age in carriers of the A2 allele, are just a result of a compensatory increase in telomerase activity, due to a higher rate of telomere shortening. This may indicate that, under long-term stress, the A2 allele becomes protective.
Similar results were obtained at our Radiation Cytology Laboratory, Institute of Cytology, Russian
Academy of Sciences last year: presence of a link between the genotype A2A2 and longer telomeres was demonstrated in male subjects.
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On the other hand, we found that respondents in the main group were homozygous for the A1 allele, and, on average, had shorter telomeres, compared to carriers of the other two genotypes. In the control group, such a relationship was not found. However, in both groups, the telomere length was negatively related to age. This can be explained by the fact that under conditions of prolonged stress, carriers of allele A1, which is characterized by a higher level of expression of the 5-HTR2A gene, had more receptors on the surface of the tonsil neurons, which is associated with longer excitation duration. Consequently, they showed a more pronounced reaction of anxiety and fear to stress.
The results obtained earlier in our laboratory show that the A1A1 genotype was practically absent in the oldest age group (> 80 years), and that it was associated with shorter telomeres in other age groups.
The A2A2 genotype, on the contrary, predominated in the older age category and it was associated with longer telomeres (Smirnova et al., 2012) .
In the future, we hope to measure the activity of telomerase in all Ss involved into our study, and to detect the methylation level of the 5-HTR2A gene, since it is associated with accelerated aging.
The results obtained by now would allow to take into account genetic resistance to long-term stress when screening candidate for definite types of education and employment, which implies the conditions of long unavoidable stress.
